Abstract: Flash evaporated amorphous Ga x Se 1-x (x = 0, 1, 2, 3, and 4 atomic %) 
Introduction
Selenium is one of the chalcogen elements of group 6 in the periodic table (selenium, sulphur and tellurium) [1] . It is both a photoconductive and a photovoltaic material. As a result, it is useful in the formation of photo cells and solar cells. In addition, it can convert alternating current to direct current electricity, and therefore extensively used in the formation of rectifiers. However, pure amorphous selenium (a-Se) is less photosensitive, thermally unstable and easily crystallizes at room temperature [2] . This has been overcome by alloying a-Se with other elements to make it stable. Several elements including lead (Pb), arsenide (As), bismuth (Bi), indium (In), gallium (Ga), have been used to alloy a-Se matrix [1, 3, 4] . Gallium (Ga) readily alloys well with most metals and semiconductors to yield different alloys for the formation of solid-state devices such as transistors, both in bulk and thin film form. Use of Ga instead of In in copper-indium-diselenide solar cells leads to increase in open circuit voltage and band gap energy [5] . Although studies on a-Ga-Se alloy thin films have been done, effect of film thickness on the optical properties of a-Ga-Se thin films is a rarity. Mustafa et al [6] considered different thicknesses of a-Ga-Se alloy thin films but did not investigate the effect of film thickness on the optical properties of the deposited films. The study therefore investigates the effect of film thickness on the optical properties of as-deposited a-Ga-Se thin films in addition to Ga content.
II. Materials and methods
The bulk samples of Ga x Se 1-x (x = 0, 1, 2, 3, and 4 atomic %) were prepared using the well known melt quenching method. Pure (99.99%) gallium and selenium were weighed according to given percentages. The weighed samples were sealed in evacuated quartz ampoules (4.0×10 -5 mbar) and heated in a rotatable programmable furnace to 500°C at a rate of 3°C per minute. Chalcogenide glasses belong to substances which have an incongruent melting point, exhibit a high partial vapour pressure during melting and the melt tend to have a high viscosity and are susceptible to oxidation and hydrolysis. Therefore, the synthesis must be carried out in sealed evacuated quartz ampoules [1, 4, 7] . The heating was maintained at 500°C for 12 hours to get a uniform mixture of the samples. The quartz ampoules were quenched in ice-cooled water. Quenching ensures that the different atoms are randomly mixed to form continuous homogeneous non-crystalline films on cleaned substrates, the films having greater than stoichiometric proportions of the non-metal component. The glass forming region obtained by quenching in ice water is much greater than that obtained from quenching in air or slow cooling. The quartz ampoules were then broken and the mixture crushed for flash evaporation (Fig. 1) . The vibrator was used for dispensing powder onto the boat at a direct current voltage of 15V. The vibrations were transmitted to the silica tube. The powder then fell grain by grain from the vibrating material tube into the silica tube to the preheated boat below it. The substrate-source distance was 11cm to ensure complete deposition of the alloy on the corning glass substrates. X-Ray patterns were measured on XRD machine, PW3710, UK. Film thicknesses were measured on a surface profiler with a resolution of 10nm. The transmittance and reflectance were measured on Solidspec 3700 DUV, Kyoto-Japan (500nm-1500nm). 
III.
Results And Discussions
Nature of as-deposited thin films
Measured film thicknesses were: 200±10nm, 265±10nm, 330±10nm, and 400±10nm. The X-Ray diffraction patterns shown in Fig. 2 indicate that the as-deposited thin films are amorphous due to absence of sharp peaks. The humps are as a result of the glass substrate [8] . shows transmittance and reflectance against wavelength for the as-deposited thin films. Transmittance is almost zero (~ 2 %) at 500nm due to maximum absorption of electromagnetic radiation. High reflectance (~ 30%) observed at the same wavelength results from low transmittance. Both the transmittance and reflectance spectra are characterized by interference patterns. This means that the as-deposited thin films of amorphous Ga x Se 1-x are smooth and homogeneous. It is also observed that the transmittance in the visible region decreases with increase in gallium content. This is an indication of increase in the absorption of light with gallium content [6, 9] . Further, the transmittance spectra shifts towards the visible region and this could be an indication of photosensitive films [10] . 
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From transmittance (%) (Fig. 4a ) and reflectance (%) (Fig. 4b ) against film thickness (nm), it is observed that the transmittance decreases with increase in film thickness and reflectance increases slightly. This is an indication of less transparent films with increase in film thickness. It also implies that the absorption coefficient increases with increase in film thickness. The increase in reflectance with film thickness correlates well with reduced transmittance. Fig. 5 . At low wavelengths (≤ 600nm), the absorption coefficient is high due to strong absorption of electromagnetic radiation in this region (Fig. 5a) . Generally, the absorption coefficient decreases with increase in wavelength. The decrease in extinction coefficient with wavelength is due to the effect of absorption coefficient. The sinusoidal patterns observed in the region of high wavelength (≥ 600nm) may be due to absorption in the as-deposited thin films (Fig. 5a & b) [11]. The refractive index decreases with increase in wavelength (nm) (Fig. 5c ). The decrease in refractive index with wavelength could be attributed to the strong effects of surface and volume imperfections in chalcogenide glasses [12] . It also indicates the normal dispersion in thin films. The refractive index (n) was calculated using the Swanepoel envelope method based on the equation (1) (2) and (3), respectively [14] :
where k is the extinction coefficient A close examination of Fig. 6 (a) reveals that the thick films have higher absorption coefficient values than the thin films. This effect may be explained by the fact that thicker films increases the absorption path length of the deposited thin films decreasing the transmittance. The absorption coefficient is observed to increase with increase in gallium content. This may be an indication of an increase in photosensitivity of the deposited thin films with gallium addition. It is observed that there is an increase in extinction coefficient with increase in both the film thickness and gallium content (Fig. 6b) due to the increased absorption coefficient as already shown in Fig. 6(a) [1, 4, 6 ]. The refractive index of the deposited thin films generally increases with increase in both the film thickness and gallium content (Fig. 6c) . Increasing the thickness and gallium content may have increased density of the deposited films leading to increased refractive index [15] . Increase in the real part of dielectric constant with gallium concentration and film thickness of the deposited thin films is observed in Fig. 6 (d) mainly due to the effect of the refractive index. This is as a result of the direct proportionality between the real part of dielectric constant and the refractive index and that the extinction coefficient is a small quantity.
Increase in imaginary part of dielectric constant with gallium concentration and film thickness of the deposited thin films is observed in Fig.7 . This is due to the effect of the extinction coefficient since the imaginary part of dielectric constant is directly proportional to the extinction coefficient as can be observed from equation (3) . The band gap energy of a semiconductor is the minimum energy needed to move an electron from its bond state within an atom to a free state. This Free State is where the electron can be involved in conduction process. It is the energy difference between the conduction band and the valence band of the semiconductor material. To obtain the optical band gap energy (E g ) of the deposited a-Ga x Se 1-x (x = 0, 1, 2, 3, and 4 at. %) thin films from Fig. 8(a) , equation (4) , according to Tauc [16] was used:
where  is the absorption coefficient, h is Plank's constant and  is the frequency The band gap energy was found by extrapolating the graphs of Fig. 8(a) to the energy axis. Other researchers have also found selenium rich binary and ternary glasses to obey the indirect rule transition [1, 4, 6, 9] . The optical band gap energy from Fig. 8(b) decreased with gallium addition. Similar trend has been observed by [6] . The decrease in the optical band gap energy may be due to decrease in cohesive energy of the system [17] . The band gap energy of the deposited Ga x Se 1-x thin films varies with film thickness due to high density of dislocations resulting from gallium impurity in the system. Since dislocation density increases with increase in film thickness, it is expected that high dislocation density leads to increase in band gap energy as the film thickness increases. Greater deposition generally builds up more homogenous network which minimizes the number of defects and the localized states thereby increasing the electronic band gap energy [18] . The range of band gap energy for various film thicknesses are; 1.200eV-1.421eV (200nm), 1.205eV-1.507eV (265nm), 1.211eV-1.564eV (330nm), and 1.234eV-1.712eV (400nm). A film thickness of 265nm yields best range for the band gap energy that can be useful in the production of thin film solar cells.
IV. Conclusion
Thin films of amorphous Ga x Se 1-x (x = 0, 1, 2, 3, and 4 at. %) have shown to be photosensitive with respect to gallium content and film thickness. This is due to the shift of transmittance spectra towards the visible region. As a result, thin films of Ga-Se alloy can be used to produce thin film solar cells and other photovoltaic devices. Since band gap energy increases with increase in film thickness, a film thickness of 265nm based on this study can yield optimized energy gap for a solar cell based on a-Ga x Se 1-x thin films.
